We examined food habits of Brazilian free-tailed bats (Tadarida brasiliensis) at 3 colonies in central Texas over 3 summers. Fecal samples collected from 1,550 bats contained remains of 12 orders and 35 families of insects, documenting the most diverse diet ever reported in insect-eating bats. Daily and seasonal patterns of insect consumption were similar at the 3 sites and closely correlated to patterns of emergence, migration, and availability of adult populations of corn earworms Helicoverpa zea and fall armyworms Spodoptera frugiperda, both species of noctuid moths and major crop pests. The percentage of feces volume comprised by moth remains increased from 14.8% 6 2.1 SE (range: 6.3-43.7%) to 43.0% 6 7.1 (range: 1.7-73.5%) in samples collected at midnight versus dawn on days when large influxes of migratory moths arrived in Texas in early morning, following their massive emergence from northern Mexico. Daily patterns diminished later in the season, after moth populations became established in local crops and were available in large numbers throughout night. Moth consumption decreased in both evening and dawn feeding periods when crops senesced and moth populations declined. These and other data suggest that crop pests comprise a substantial portion of the bats' diet and that bats provide valuable natural pest control services.
Bats are voracious predators of night-flying insects, and many of the insects eaten in abundance by bats, such as noctuid moths (Robinson 1990; Thompson 1982) , are major agricultural pests known to engage in long-distance, seasonal migrations Wolf et al. 1990 ). Migrations of pest insects greatly complicate programs for effective control or management, hence considerable attention has been given to documenting and predicting variation in abundance, seasonal emergence, and migration patterns of pest insects in space and time (Matis et al. 1995; Pedgley et al. 1995; Rainey 1951; Raulston et al. 1992; Westbrook et al. 1998; Wolf et al. 1994 ). Yet, few studies have investigated seasonal variation in diets of insect-eating bats in relation to the patterns of seasonal migration and availability of agricultural pests. Whitaker et al. (1996) suggested such a potential connection between crop pests and Brazilian free-tailed bats Tadarida brasiliensis. These bats are widely distributed and are among the most abundant bats in the southwestern United States in the summer. Over 100 million bats are estimated to migrate mainly into south-central Texas where they roost from April to October in several large caves (Wahl 1993) . Other cave colonies containing 1 million or more bats are reported from Oklahoma, New Mexico, and Arizona (Cockrum 1969) . These caves serve as maternity roosts, and .90% of the summer populations consist of females and their young. Females give birth in early to mid-June and nurse their young for about 6 weeks (Davis et al. 1962; McCracken and Gustin 1991) . Energy demand is high for bats-due to small body size, high basal metabolic rates, and costs of flight-and it increases dramatically for females during reproduction (Kunz and Stern 1995) . They show an astonishing increase in feeding rates from mid-to late pregnancy and also from early to midlactation to meet this demand (Kunz et al. 1995b) . During the latter period, energy densities in stomach contents are at 104 kJ per day per female bat, which translate into an estimated consumption of .70% of the bat's weight in insects each night (Kunz et al. 1995b) .
Over 3-4 weeks in June each year, several billion corn earworm Helicoverpa zea and fall armyworm Spodoptera exigua moths-both noctuids and major agricultural pestsemerge at dusk from a maize-growing region in the Lower Rio Grande Valley of northeastern Mexico (Raulston et al. 1992) . Prevailing winds assist their northward migration of up to 400 km in a single night. Early on mornings following their emergences, moths arrive in agricultural regions of south-central Texas, where they lay eggs in corn, cotton, and other crop fields Wolf et al. 1994) . During this period, local populations of these pests have not yet developed, and numbers of adult moths are then expected to greatly increase in early morning with the arrival of migrants. Whitaker et al. (1996) collected fecal pellets of Brazilian freetailed bats in late June and documented significant differences in diets of bats foraging at different times of night. Moth remains increased from 37% occurrence and 6% volume in fecal samples collected at midnight, to 96% occurrence and 66% volume in samples collected at dawn following early morning foraging by bats. Thus, diets of these bats from the same cave, but foraging at different times of the same night, suggested a link between diets of bats and the emergence, migration, and availability of large numbers of migratory crop pests.
Energetic studies indicate that during lactation 100 million or so Brazilian free-tailed bats may eat nearly 9 Â 10 5 kg of insects each night. If they eat many of the migratory moths, the impact of bats on pest populations could be enormous. Whitaker et al. (1996) , however, collected feces from only 73 bats from a single site during an 8-day period. Information collected between preand postmigration periods of these moths and from a larger number of bats is needed to better investigate the relationship between the bats' diet and the dispersal and availability patterns of migratory populations of agricultural pests. We report (1) daily and seasonal dietary patterns of Brazilian free-tailed bats from 3 major cave roosts in central Texas over 3 summers; (2) its relation to established dispersal and availability patterns of agricultural pest populations (Raulston et al. 1992; Westbrook et al. 1995; Wolf et al. 1990 Wolf et al. , 1994 ; and (3) the most extensive analysis to date of the diet of insectivorous bats.
MATERIALS AND METHODS
Study sites and fecal samples.-Fieldwork occurred at 3 limestone caves-Frio Cave (Uvalde County), Bracken Cave (Comal County), and Eckert James River Cave (Mason County)-located about 150 km apart at the southern, southeastern, and northeastern edges, respectively, of the Edwards Plateau in central Texas. Estimated summer populations of Brazilian free-tailed bats (Tadarida brasiliensis) are about 10 Â 10 6 bats in Frio, 20 Â 10 6 in Bracken, and 6 Â 10 6 in Eckert James River (Wahl 1993) . From 1 June to mid-August in 1995, we collected fecal samples at each cave on 2 consecutive nights at 8-day intervals, over a total of 8 sampling periods. In 1996 and 1997, we sampled from late May to midAugust, 1 night weekly, at Frio Cave. We used a hoop net (46.5-cm diameter) with a 3-m long handle to capture bats as they returned to the cave entrance following their evening and early morning foraging flights (Whitaker et al. 1996) . The evening sampling began at around 2400 h and morning sampling at 0600 h. In each session, we captured 3-4 bats every 15 min until 25 bats were caught. As they were captured, each bat was placed in a separate, clean, cotton-cloth bag for about 3 h, then measured for forearm length and mass and examined for sex, age (adult or juvenile), and reproductive status. Our procedures were consistent with the guidelines for the capture, handling, and care of mammals (American Society of Mammalogists 1998). Research was conducted under the protocol approved by the Animal Care and Use Committee of the University of Tennessee. We collected feces deposited in the bags and then released the bats. All feces from 1 bat were placed in a single, labeled envelope; air-dried in sunlight; and stored for later analysis.
Dietary analysis.-Fecal analysis followed that of Whitaker (1988) . For each evening and morning sampling session, we examined fecal samples from at least 8 bats representing all age (adult, juvenile), sex, and reproductive classes present in the colony. If any bat class contributed only 3 or fewer samples in a session, we analyzed all of these samples. From each sample, 5 of the largest (about 5-8 mm long), intact, fecal pellets were examined, which is sufficient to determine the diet of 1 bat (Whitaker et al. 1996) . We soaked and softened each pellet in a petri dish with 70% ethyl alcohol and dissected the pellet with a dissecting needle and fine forceps. Prey fragments were sorted and identified under a dissecting microscope with reference to insect keys (Borror et al. 1989 ) and voucher specimens of insects collected at sites near Frio Cave (Lee and McCracken 2002) . The percent volume of each prey item in the combined pellets comprising 1 fecal sample was estimated with the aid of grid paper (10 Â 10 units) attached to the bottom of the petri dish. Prey items were identified to the lowest possible taxonomic level, often to family, but most soft-bodied insects (e.g., moths, caddis flies, stoneflies, and mayflies) were identified only to order, and we recognize that this may have underestimated presence of some soft-bodied insects in the diet.
We determined frequency of occurrence and percentage of volume for each prey item in the feces for each prey taxon identified. The frequency of occurrence, ranging from 0-100%, provides a standardized measure of the commonness of each prey item in the diet of the bat (McAney et al. 1991) . Frequency of occurrence is the number of fecal samples in which a particular prey item was identified, divided by the sum of the numbers of samples that contained each identified prey item (McAney et al. 1991) . The volume of a prey item for each collection date was averaged over all samples collected on that date to provide an index of the proportional contribution of insect taxa to the diet of bats sampled on that date (Whitaker 1988) . We defined a prey item as predominant if it comprised more than half of total volume of a sample. We used the arithmetic mean of the frequency of occurrence and percentage of volume to estimate relative importance of each prey item (Bauerova 1986 ). We also measured length of beetle femora in the feces and compared those measurements with those of beetles collected locally. Because remains of other insects were too fragmented for estimating their body size, these measures provide an index of size of insects eaten by bats.
Statistical analysis.-We restrict analyses of dietary variation to ordinal level because fragments of prey, particularly those of softbodied insects, were difficult or often impossible to identify to family. Data in proportions were arcsine-transformed to meet the normality requirement (Sokal and Rohlf 1994) . Unless noted, all statistical tests are determined at a significance level of P , 0.05 using STATISTICA (StatSoft 2001) , and data are presented as mean 6 SE. We used rows and columns (R Â C) G-tests to examine randomness of the frequency distribution among prey items and that of predominant prey in diets of individual bats. Multivariate analysis of variance (MANOVA) was used to examine effects of cave sites and sampling dates on the variance in the relative proportions of each prey and seasonal variation within the diet of bats (Sokal and Rohlf 1994) . Earlier analyses (Kunz et al. 1995b; Lee and McCracken 2002) revealed no significant differences in diets of free-tailed bats of different sex, age, or reproductive status, thus data from all bat-classes were pooled for each sample date.
For analysis of seasonal variation, we subdivided samples into 3 seasonal periods according to typical migration and crop infestation schedules documented for noctuid moth populations in central Texas (Wolf et al. 1990 ). These periods are (1) late May to end of June: moth emergences and migrations from the Lower Rio Grande Valley;
(2) 1 July to 20 July: local emergence of moths from corn, and establishment of local populations in central Texas; and (3) 21 July to mid-August: senescence of corn, and decline in local moth populations. Where significant dietary variations were detected, we used additional multiple-range comparisons (Fisher's protected least significant difference; PLSD) to locate differences (Sokal and Rohlf 1994) . We also used reciprocal Simpson index, 1/D ¼ 1/ P (P i 2 ), to assess dietary heterogeneity, where P i is the relative proportion of a particular prey item i (i ¼ 1 to n, n ¼ total number of prey items). A higher index value indicates a more diverse diet with a more even proportional distribution (Krebs 1989) .
RESULTS
Food habits.-Over the 3 summers, we analyzed samples from 1,550 bats, including 248 volant juveniles, 290 adult males, and 287 pregnant, 483 lactating, and 242 postlactating or nonreproductive females. The number of different prey items found in each sample varied from 1 to 11, with 73% of the samples containing 4-7 prey items ( X ¼ 5.4 6 0.1). Their diet contained insects from 12 orders, 35 families, and 3 taxa for which the family could not be confidently determined (i.e., Nematocera and Schizophora in Diptera and Zygoptera of Odonata). Moths (Lepidoptera), beetles (Coleoptera), and true bugs (Hemiptera) were the most frequent in occurrence and contributed the highest volume proportions in diet, and together, they accounted for 60% of the total occurrence and .76% of total fecal volume (Fig. 1) . These 3 orders, plus Homoptera, Hymenoptera, and Diptera, collectively accounted for .90% of the total occurrence and .95% of fecal volume. Neuropterans appeared in the diet at ,4% of total occurrence, and other less common orders (i.e. Ephemeroptera, Odonata, Orthoptera, Plecoptera, and Trichoptera) appeared at ,1.5% each. Proportionally, the total of 6 less-common orders accounted for only 3% of the bats' diet.
The presence of some diagnostic fragments in feces allowed us to identify various families for most prey orders. Major families and their frequencies within each respective order were Coleoptera: carabids-22.3%, scarabaeids-19.7%, chrysomelids-16.4%, and curculionids-5.1%; Diptera: tephritids-17%, nematocerans-6.3%, muscoids-4.5%, syrphids-1.8%, dolichopodids-1.3%, and drosophilids-1.1%; Hemiptera: pentatomids-26.8%, lygaeids-25%, cydnids-12.1%, mirids-7.8%, nabids-5.3%, corixids-3.7%, and reduviids-1.2%; Homoptera: cicadellids-37.3%, cercopids-29.4%, cixiids-15.8%, and delphacids-8%; Hymenoptera: formicids-38.9%, tiphiids-9.6%, and braconids-8.7%; Neuroptera: hemerobiids-51.9%, chrysopids-45.8%, and myrmeleontids-2.3%; and Orthoptera: gryllids-95.5% and acridids-4.5%. We could on occasion identify prey items to a level lower than family, due to presence of unusually large fragments. These included spotted cucumber beetles (Diabrotica undecimpunctata), dung beetles (Copris), and burrower bugs (Pangaeus bilineatus).
Among the 12 prey orders, moths and beetles were predominant prey items in the diets of the 1st (40.2%) and 2nd (31.9%) greatest numbers of bats, respectively (G ¼ 45.2, d.f. ¼ 5, P , 0.001). Hymenoptera ranked 3rd (12.7%) as the predominant prey item in individual diets, and was followed by true bugs (10.3%). Numerous large pieces of wings or legs of the same hymenopterans in 14 samples allowed us to estimate that a minimum of 2-7 ( X ¼ 4 6 0.3) of these hymenopterans were taken by each bat. Minor orders all had low frequencies of occurrence in individual diets (each ,17% of all samples; Fig. 1 ) and were rarely predominant prey items in the diets ( 0.7%). We found 545 beetle femora that could be used for prey size estimation. The estimated sizes of beetles were from 4.5-16 mm, but most ranged between 4.5 and 8.5 mm (91.4%). We found an almost intact 5-mm long spittlebug (Homoptera: Cercopidae) in 1 sample and a partially fragmented noctuid moth that was approximately 10-mm long in another sample.
Variation among cave colonies.-In 1995, the distribution in relative frequency of prey orders was consistently nonrandom at all 3 sites (G ¼ 62.4, d.f. ¼ 24, P , 0.001), and ranks of relative frequencies among prey orders and dietary heterogeneity indices were similar (Table 1) . There was greater year-to-year than among site variation in the diet of bats (Rao's R ¼ 2.83, d.f. ¼ 40, 544, P , 0.001; Fig. 2 ; Table 2 ); p i is the relative proportion of a particular prey item i; i ¼ 1 to n, n ¼ total number of prey item (Krebs 1989 seasons (Rao's R ¼ 4.45; d.f. ¼ 20, 102; P , 0.001), and also the effect of factor-factor interactions (Rao's R ¼ 2.54; d.f. ¼ 20, 102; P , 0.005). Proportions from evening and morning sampling, however, consistently differed in percentage of prey item volume at the 3 caves and over 3 summers, with higher proportions of moths in the morning than in the evening samples. Beetles and true bugs were present in higher proportions in evening than in morning samples.
Seasonal and daily variation in diets.-Temporal patterns of dietary variation fluctuated among samples collected during (1) onset of sampling to 30 June, (2) 1 July to 20 July, and (3) 21 July to end of sampling. From onset of sampling through 20 July, (seasonal periods 1 and 2), proportion of moths was higher in morning than in evening samples. In samples from midseason (1 July to 20 July), however, proportion of moths in evening samples increased ( Overall, the proportion of moth remains in morning samples exceeded those in evening samples on 63 of 77 sample dates (81.8%), and moth remains were significantly greater in morning than in evening samples on 29 of these sampling dates (37.7%; Figs. 3 and 4) . In contrast, moth remains in evening exceeded those in morning samples on 11 dates (14.3%) and were significantly greater in evening versus morning on two dates (2.6%). From onset of sampling through 30 June, during the period of moth migrations from Mexico, moth remains in morning significantly exceeded those in evening on 17 of 29 sampling dates (58.6%). From 1 July to 20 July, after establishment of local moth populations in central Texas, moth remains were significantly greater than those in evening on 7 of 21 sampling dates (33.3%). Between 20 July and the end of sampling, moth remains were significantly greater in morning on 5 dates (18.5%; v 2 ¼ 8.55, d.f. ¼ 2, P , 0.025; Fig. 3 and 4) .
DISCUSSION
Dietary diversity.-We documented a diverse diet in Brazilian free-tailed bats (12 insect orders, 35 families), which is the highest diversity recorded in a single study for any bat species. Among insect-eating bats, data assembled from multiple studies document a comparable diversity (10 orders, 39 families) for Pipistrellus pipistrellus (Hoare 1991; Sullivan et al. 1993; Swift et al. 1985) . Several factors are likely to account for the diverse diet of Brazilian free-tails, including patterns of nightly foraging, flight behavior, and environmental influences such as thermals. The nightly foraging dispersal of a large colony of these bats may cover over 400 km 2 (Williams et al. 1973) , and feeding activity occurs from a few meters above the ground to over 1,200 m (Caire et al. 1984; Griffin and Thompson 1982; McCracken et al. 1997) . Thus, considerable diversity in their diet is expected, if only from their wide foraging range on horizontal and vertical scales. The flight activity of Brazilian free-tails extends from late afternoon until well past dawn (Lee and McCracken 2001) , which suggests that the bats are likely to encounter diurnal (e.g., odonates, hymenopterans, some dipterans) as well as nocturnal insects. Furthermore, convection-supported thunderstorms and frequent thermals in late afternoon and evening characterize open and arid to semiarid areas where these bats forage. Localized air convection is an important mechanism for generating and maintaining patch distribution of insects in space and time (Drake and Farrow 1988) , and rising thermals may transport ground-dwelling, weak-flying, or nonswarming insects (e.g., carabids, true bugs, homopterans, and lacewings) to various heights and concentrate them into localized areas, making them available to foraging bats at different altitudes. Brazilian free-tailed bats tend to forage in groups to feed on swarms of insects (Rose 1967) . Adult caddisflies, mayflies, and stoneflies are common near water or shores; they are weak fliers, but mayflies swarm to 15 m or more above the ground, and caddisflies and stoneflies are attracted to lights (Borror et al. 1989) . The bats may take advantage of localized and ephemeral mass emergences of these insects and forage around lights on insect concentrations (Lee and McCracken 2002; Rydell 1992) . Periodic but locally concentrated mating swarms of hymenopterans (Baldridge et al. 1980 ) may account for the fact that these insects, mostly flying ants, were the predominant prey items in the third highest number of bats, after moths and beetles, even though they ranked overall as sixth in occurrence and fourth in volume among the prey orders in the bats' diet. The sizes of insects eaten by bats, estimated from the length of beetle femurs retrieved in feces, are consistent with the size range of prey reported for these bats by Rose (1967) . In contrast to the narrower prey-size range of other insectivorous bats (e.g., 3-10 mm for little brown bats Myotis lucifugus- Anthony and Kunz 1977) , the greater prey-size range (4-16 mm) of Brazilian freetailed bats not only includes the typical size of the migratory * P , 0.05; ** P , 0.01; *** P , 0.005.
noctuid moths (about 10-15 mm) but is also consistent with the diverse diet of these bats. Variation in diet.-Our data are consistent with those of Whitaker et al. (1996) in that moths, beetles, and true bugs are the most common prey of Brazilian free-tailed bats. Considering both common and less common prey, we observed only minor variation among the 3 caves with regard to daily and seasonal patterns in the bats' diets. This variation may reflect local differences in insect compositions and fluctuations in abundance at the 3 sites. The fact that most differences in dietary composition among sites involved bats from Eckert James River supports this supposition. This cave is located near the northwestern edge of the Edwards Plateau in a drier area with more natural habitat and rough range land, dominated by mesquite (Prosopis glandulosa), live oak (Quercus virginiana), Ashe juniper (Juniperus ashei), blackbrush (Acacia rigidula), and bluewood (Condalia hookeri) but less irrigated agriculture, whereas Bracken and Frio Caves are at the southern edge of the plateau in landscapes that are more dominated by agriculture and human development.
The greater consumption of moths in early morning and greater consumption of beetles and true bugs by midnight is also consistent with Whitaker et al. (1996) . We documented the same pattern in diets of these bats at different caves and in different years. Moths typically have higher abundance and activity later at night than other nocturnal insects (notably beetles and true bugs) that often peak shortly after dusk (Anthony and Kunz 1977; Rydell 1992) . Yields of these insects in light-traps set near Frio Cave are consistent with differences in daily activity patterns with higher proportions of beetles and true bugs captured in traps set from dusk to midnight and higher proportions of moths captured in traps set from midnight to An asterisk indicates significant difference in percent volume of moth remains between the 2 collecting sessions (P , 0.05).
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dawn (Lee and McCracken 2002) . Thus, the daily variation in diets as documented in feces can be attributed, at least in part, to differences in nightly activity patterns of different insect species.
Diet and moth migrations.-Seasonal variation documented in dietary patterns, particularly with regard to moth consumption, supports the hypothesis that Brazilian free-tailed bats in central Texas exploit migratory moth populations opportunistically. Differences in moth consumption in evening versus morning samples was greatest between onset of sampling and end of June (Fig. 3) , as expected if the diet of bats is influenced by the massive influx of moths into central Texas that occurs in early mornings in June due to emergence and migration of moths from the Lower Rio Grande Valley Wolf et al. 1994) . Following oviposition by migrants, larval development, and pupation, the next generation of moths emerges and peaks in early-through mid-July in central Texas, resulting in an increased abundance of moths in the evening. Moth consumption remained high in the morning samples but increased in the evening samples (Fig. 3) , as expected if the bats exploit the increased availability of moths in the evening. With the senescence of corn and movement of moths from corn to cotton and other crops in mid-to late-July, the local moth populations decline precipitously (J. Westbrook pers. comm.) . This was shown in the declining pattern of moth consumption during this period in both evening and morning samples. Thus, throughout the growing season, patterns of moth consumption observed are consistent with arrival, development, and decline of populations of these agricultural pests.
The moth migration is a dynamic phenomenon and is often affected by local weather patterns (Westbrook et al. 1998) . For example, a strong easterly wind that occurred in the Lower Rio Grande Valley region on the night of 4 June 1995 would have inhibited the migration of moths into central Texas (J. Westbrook pers. comm.). Moths comprised only 4% of the fecal volume of the bats from Frio Cave at dawn of 5 June as compared with a more typical 47% of fecal volume on the next morning, 6 June (Fig. 3) . This apparent anomaly supports the hypothesis that migratory moths comprise a large portion of the bats' diet. The effects on moth populations by local fluctuations in weather may also be responsible for other deviations observed. The mean monthly rainfall in May and June 1997 was among the highest in central Texas for this period over the past 3 decades (about 260 mm). In Uvalde, 30 km south of Frio Cave, rainfall in this period was 1.6 times that of 1995 and 9.2 times that of 1996 (National Oceanographic and Atmospheric Administration 1968-1998) . Heavy rainfall, hail, and excessive moisture cause death of insect larvae and pupae by direct mechanical damage, drowning, interfering with feeding, and spread of viral, fungal, and bacterial diseases (Leather and Awmack 1998) . Exceptionally high rainfall in May and June 1997 likely impacted local populations of corn earworms and other migratory moths (J. Westbrook, pers. comm.) that would otherwise have been available as potential prey in the evening feeding of bats in midsummer (Fig. 4) .
Other evidence and implications for insect pest control.-Noctuids and other migratory insects have high body-fat content that allows for energetically expensive long-distance flights (Angelo and Slansky 1984) . Stomach contents and milk of freetailed bats are very high in fat. The fat in their milk is among the highest ever recorded in mammals, is higher than that measured for any other bat species, and increases from 14% to 28% from early-to midlactation (Kunz et al. 1995a ). This indicates an exceptionally high fat intake in the bats' diets during lactation from mid-June to mid-July when migratory noctuid populations are at their peak in central Texas.
Carbon isotopic ratios in guano of these bats from Carlsbad Caverns, New Mexico, and Eagle Creek Cave, Arizona, also indicate that crop pests are a major component in the diet of bats. In the vicinity of Carlsbad Caverns, 90% of crop biomass consisted of C 3 plants (cotton and alfalfa) whereas the native vegetation consisted primarily of C 4 plants. From the C 3 : C 4 ratio of the guano composition, Des Marais et al. (1980) estimated that roughly one-half of insects eaten by the bats in Carlsbad Caverns exploited crops. Similarly, Mizutani et al. (1992) concluded that roughly two-thirds of the guano in Eagle Creek Cave comprised insects that fed on C 3 plants, in an area where the native vegetation is largely C 4 plants, but cotton is the major agricultural crop and is exploited by corn earworms and other pest insects.
Brazilian free-tailed bats eat many and various insects. Our results, however, link the diets of the bats with the demographics and migratory movements of pest moths into central Texas. Although the proportion of the bats' diet consisting of crop pests remains unclear due to the difficulty of identifying highly masticated insect fragments in the bats' feces to species, DNA markers have been developed from the elongation factor 1-a gene sequence for these pest moths (Cho et al. 1995) to document predation by bats. Although the DNA tests do not document the quantity of pest insects eaten by the bats, they confirm that bats in Texas eat both corn earworms and tobacco budworms during the period of pest migration (Vege 2000) . The size and energetic requirements of the bat populations (Kunz et al. 1995a ) suggest that 100 million or so free-tailed bats may consume an equivalent of 4 billion corn earworm-sized insects each night. In Texas alone between 1995 and 1997, cotton producers treated an annual average of 2 million acres with pesticides at a cost of $12.6 million and still lost 182,000 bales of cotton to corn earworms (Williams 1998) . Predation by Brazilian free-tailed bats does not completely eliminate migratory populations of moths, but this predation may be an important operating agent in the management of these pest insects.
RESUMEN
Examinamos los hábitos alimenticios del murciélago mejicano de cola libre (Tadarida brasiliensis) en tres colonias en el centro de Texas durante tres veranos. Las muestras de heces recolectadas de 1,550 murciélagos incluyeron los restos de 12 órdenes y 35 familias de insectos, documentando la dieta de murciélagos más diversa reportada hasta el momento. Los patrones diarios y estacionales de consumo de insectos fueron similares en los tres sitios y altamente correlacionados con los patrones de emergencia, migración y disponibilidad de poblaciones adultas de gusanos del maíz Helicoverpa zea y gusanos militares de otoño Spodoptera frugiperda, especies de polillas nocturnas e importantes plagas para cultivos agrícolas. En los días en que importantes flujos de polillas migratorias arribaron a Texas al amanecer, siguiendo su emergencia masiva desde norte de Méjico el porcentaje de polillas en las heces se vio incrementado de 14.8% 6 2.1 SE (rango: 6.3-43.7%) a 43.0% 6 7.1 (rango: 1.7-73.5%) cuando muestras recolectadas a media noche fueron comparadas con muestras recolectadas al amanecer. Los patrones diarios disminuyeron mas tarde en la estación, después que las poblaciones de polillas se establecieron en los cultivos locales y estuvieron disponibles en grandes números durante la noche. El consumo de polillas disminuyó tanto al atardecer como el amanecer cuando los cultivos maduraron y las poblaciones de polillas disminuyeron. Estos y otros datos sugieren que las plagas de los cultivos agrícolas constituyen gran parte de la dieta de los murciélagos, los cuales proveen un servicio útil de control natural sobre estas plagas.
